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ABSTRACT

This project presents an Automatic Tilt Stage which is designed to support
Failure Analysis (FA) in-circuit level of integrated circuit (IC) with Solid Immersion Lens
(SIL). Standard operating procedure of SIL is touching on sample’s surface with limited
angle not exceed 1 degree. An automatic system has been designed in order to provide
high accuracy very small angle compensation. Hardware consists of based plate,
micrometer-head, stepper motors and microcontroller. Stepper motor is a micrometer-
head driver which get inputs or commands from Arduino (brand of microcontroller).
Software using LabVIEW programming based and user interface that provides automate
system to automatic tilt stage. Based on experimental results, if we put tilt sample
into PMOS-1000 with SIL, we will not get Electro Optical Frequency Mapping (EOFM).
Moreover, the image that gets from Infrared (IR) inspection also results in inferior
quality. FA engineer cannot identify failing component from the circuit. Once the
automatic tilt stage has implemented, it gives better results on both of EOFM signals

and IR images which enlarge FA fault localization capability with SIL.
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Thermally Induced Device Alteration (TIDA)
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2.1.3 Electro Optical Probing(EOP)/Electro Optical Frequency Mapping(EOFM)
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B oo g Tungsten Light Source
Laser gﬂ, B :% Ep”g& E ‘# Long-pass Filter = DUT
NLYLF o B B588 g I T k
1500 1 i T Erd gy = =
e i
I I - - N | i
| | ns .
T Short- ilter
Lens SE= Lens  Differential E
s CaTLAT gl = Lens
- IR. Carmera
Photodiode 1 | Photodiode 2
Af - To detection
electronics

SUT 2.11 ¢ wnufauansdauusEneues EOP : Electro Optical Probing

2.1.4 Solid Immersion Lens (SIL)

Standard lens principles NanolLens principles
' ?.‘ jective let
E Laser Ilgh;\
' collection
Toy! : Emissigns
reflection : Back side ' Back side

NN ﬁ':{/ si
Small N.A. i Pattern side Large N.A. Pattern side
D\ Improvement A

Laser spot Laser spot

U 2.12 : Solid Immersion Lens (SIL) wWisuiibuiuiauduni

—

46 mm

1 7.7mm
OS/rn
1.3 mm /

T| TL_—SQmm

-75 mmf—
1 mm——

22.1 mm

gﬂﬁ 2.13 : MMARY19V4 Solid Immersion Lens (SIL)
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2.1.5 Stepper Motor

¢alaw a v o ° v o
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Tuerminmsulwidnvesaduesuamesnudnuuslasaisduddadu 3 vdade
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vosaduasuawmasuuulause

U 2.15 : Tassafsedisievesadviaiuameiuuulouin
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o W o = = as
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Tulwan3 (bipolar) wazaiiagfilnans (uni-polar)
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1. UanurAn (Cube) Ty 4 aunfe NEMA 14, 15, 16 uay 17

NEMA |  swmdumia Gy 22UV NIRGER G
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2.2 U8 NLNYIVDY

Tilt stage with micro-meter assisted

Mr. Thianchai Phianpan, Engineer, PQC Bangkok, NXP
Objectives
- To create a trial version of tilt stage for SIL lens.

Calculation

Stage width (X ~

.’
Rotating

sin O =dX / [(X2 - X1) / 2] € Inner triangle

Q = sin™ {dX / [(X2 - X1) / 23 =2 (1)

ZXn is measured Z of Xn from PHEMOS software

tan Ol = Zx / (X width/2) €= Outer triangle

Zx = (X width/2) tan A

Replace Ol with (1)

Zx = (X width/2) tan sin™ {dX / [(X2 - X1) / 2]}
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o a

g9 1uglf (Automatic Tilt Stage) @m3un15v191us2uAY Solid Immersion Lens (SIL) Tu
< [} o 17 LY s ] = o
bAsae PHEMOS - 1000 "U']Lf]‘umaﬁiﬂﬂqqﬂﬁgﬂﬂﬁﬁqqaﬂﬁlﬂqq LU9INLATDY PHEMOS - 1000
[ ¢ o o o o 8 . & a v ) <
Jugunsaindrdydmsu Failure Analysis Fafifldaulunng iy wnnisnageunianis
o ] s s i - v A o = _, 1 1] o
V]'N’]U"UB\‘]LLNUU?U?%WUﬁQN'ﬁV]']I‘WLﬂiENW'N’]UN@UﬂW DIVAINAADNITNNIUVDILLANUN
9 r YRRV ) & ') = v 0w ¥ P
Failure AﬂaLySlS lﬂ PNUUNTIVUABUNIIDDALUULAZWAUIAITUNITIANTIAMAULUULWD AN
8/ ! -] ﬂi o [l 1 ] ar s
ﬂ?qut%uiﬂlﬂLkaﬁwaﬂigv'IUmaﬂ'ﬁquﬂqu‘Uaﬂ PHEMOS - 1000 LW@iWLLUI"U?WLLNUUSU?%ﬂU

o i ) v | i o v =
A11190M19UWUNU SIL Lens lﬂLLa3@3“5ﬂ5¥mumaﬂ’]'ﬁﬂ757u’ﬂ@ﬂ PHEMOS - 1000 U@EJ‘V]Ejﬂ

BANWLLAFUULIL
|
AWAVA Y
AANIAIFUULIL
=1
A N
NARDLFIAWILIL
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UFules
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N
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i

JUN 3.1 : TumeunsALunsIdY

22



3.1 nMsaiun1sIae

3.1.1 N159DNKUUAIRULUU

N1390NLUUAIAULUUTDILHUUTUSEAUERLUlA (Automatic Tilt Stage Demo
" o a o/ a dd 1 v s 1 17 o
version) 1unmsihenAdevesduiflogudnuiuussrosanmenisi Stepper motor 1

[ . = v de v 7] ] = 1% .
YU Micrometer Head ‘NL{‘}umﬂiﬂﬂiv‘imwﬂmLLNuLamLLaszﬂaJma Microcontroller

U

ik

“5___;

NATIONAL
INSTRUMENTS

LabVIEW

1 1 (7] @ W [l ot o Qe
JUR 3.2 : dhudseivvesiduuuuwsiulsussaudnlugd

NFULLAUIINITTIIUTBIRIA UMUK UL B e USusEAUgNATUALAIY
Microcontroller #avgSumdsnngldnurulusunsy LabVIEW lae LabVIEW 1Tu Software

s

o s =l o & s € 1 o = o g Y
flddmiumsBeulusunsuidsludgunsaisagie LabVIEW Fstinsvhaudosdudsd
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Input: X, ¥, Z

h 4

Formula Node
-Direction
-Step of move
-Angle x, y

Set Step for Motor
(51, 52, 53)

Show Angle,
step of move

Input: Run Switch

Manual

iy

True

Set Step for motor:
Low

False

Set Step for motor:
High

Input: Run Switch

l

B,

Input: Run Switch

Y

Store:
-Step Value

Return Home
position

-Step

-Direction

Show Indicator




_ sedalpot ' ¥i
| COM Port —— |Ecoms | :
J e :

: : .} PR Parameter input
| Status Indicator ———»  1process (Auto mode)
—————————

® |« DE
Bacaade
Y2 .
Switch Mode |
Stage Angle | Button
Indicator
Return I-alcllllrtrt\:nposiiion |
Limit and
Home position ———»
Indicator <4+——  Stop Button
N _I / : Manual input
. Motor step Indicator 'y Button

JUM 3.3 : BumesinaveslusunsumIunuuHNUSUSEAUSALLIR

Tudiuvesiunuysuseau 14 Stage 910 FA project : Tilt stage with micro-meter

assisted wayyiin1sas1sd@ruvasiusussaviuuini 1aeld Stepper motor Ludadu

i
I

Micrometer Head #adquaassiauiuszaudulnii(Motor module) @wnsaldsiudiu Stage

Ao v
Pieyla

U

Stage

E'Uﬁ 3.4 : Tilt stage with micro-meter assisted
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:> Stage

5U# 3.5 : Motor module @y Tilt Stage
3.1.2 ATINYIIAIAULUY

mydavhdsuiuuleeiaguavaunsainielu PQC : FA and Reliability L9 aiuuviu

o o o | 6 Vas = & 1 '
DC power supply Vs L,Lazmm‘u*dizﬂa‘uwumamaﬂmaﬂwmaaaqma’lu PQC 11U

q

| | 19 \ 2 = 1 |
Weu PCB Mudaldainnis Test Tu Reliability 1Wudu Tasfiaunsaiianizuiaogne gy

L

1 5/
s

Stepper motor, Arduino lAYIMNITENTERIUTZUUTDIUIEN

o ¥ 0

= al u YY) ey G £ ]
JUN 3.7 : Mduluuukudgalsuserudalulf(Automatic Tilt Stage Demo Version)

26



3.1.3 ASNAFDUAIAULUU

NsVAEaUMAULUULNLUSUSEAUSALULR(AUtomatic Tilt Stage Demo Version)
v < . & o o " <
Tasnistounszualwingaluin Stepper motor driver mntutloudds97n Arduino e

NAADUNITININU

P Y 1 v [V V) s, 4 . b
gﬂw 3.8 : MIVAdBUARULULLNUUSUSEAUDR LUTR(Automatic Tilt Stage Demo Version)

WBNSNAGBUNISY LY IR UL VLN UUSUSE AU a R lusTRtas e udosndn antiu
o s v 1 ¥ s o } 73 o 1 d v
UIFIAULUULAUUSUSEAU UYNNISuaaaualIen1svia EOP/EOFM k1 SIL Lens eluila

THUIAINAALUN TN UUSUTEAU(TIlE Stage) Tuasslianunsavinaula

UM 3.9 : mnessufRuLUULKLUTUTEAUSRluTR(AUutomatic Tilt Stage Demo Version) #ag SIL(1)
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Asnadau

i 7

i, W1 B W

Wb Sample iluildszuu
a. ¥hn5¥n Backside iiloanAIuvuves Die TWindeAmumuUsyana 100 -
150 um
b. %113 wire bond fiu package Twi3auls Tnelvighundsas Die agmuu
Y84 package (Bottom up)
11 Sample 1111 EOP/EOFM
a. 11 Sample Taaslu socket
b. vIM5»3599a8Y Contact ¥as Sample 398U Socket w3l
c. @amnud/mainu/teulaideansialitusiey wastiedyanadieds
iy EOFM
$u EOP/EOFM ¢fs SIL Lens Ut Sample #uwdeuls

v af

UUNNNA
$u EOP/EOFM ¢ SIL Lens Uy Sample fiwdeuly Tngld Tilt Stace
Yuninua

WSBuWiBuRansAaav

SUT 3.10 : MsviaaausafuLUUWHLUS UsysUSHTuTR(Automatic Tilt Stage Demo Version) s SIL(2)
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3.1.4 n13UTuuseiafuLuy

msvsuUgssuvudunmsiedounnses deanarnanmsnagouuiluwdn
o oA Y oo o o a sal v A
vinmseanuuulnsiielilausudesususeauiianysalign laedounnsesinuainnis

s

NAFBUMAULUULHUUSTUSEAUSRLULR(Automatic Tilt Stage Demo Version) ilfail

1. §h Motor module fiUsgnauduaInusiu PCB glaiuviumun
2. \fiens Tilt Stage adlulwiAdes Hamamatsu PHEMOS — 1000 wéavhlsfsvoslu
N15¥11971U (Working Distance) wa9siiaud(Ma Air Gap Lens uay SIL Lens)anad

lviiaudiilonagenavyudniu Tilt Stage

3/
YY) as e as

setudmsuiidareaunuUsusEAUSTwTR(Automatic Tilt Stage Final Version)
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ududesiifunseenwuuliieliguuunun uazifiusgeznisyiauvesaudneluinios
o A - dl |7 L
PHEMOS - 1000 Tagyihnisiasuzuuuunisns Stepper motor 3ntANfigi1uan e
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Micrometer Head EJ'\EJQJ'W’TWHU‘U 219NV Micrometer Head #4938 WlTE88N1TNI9IUYDIANT
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Spur Gear

Spur Gear
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JUN 3.11: miLU’?iaugﬂmeaa Motor Module
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3.1.5 N159ANIG8153

msdnvishdusaiioangaunns sswesifuwuuwHuUTUSERUSHIUTR(AUtomatic
. ¥ 1 Ay 1 l;’ ﬂl 1 i o 4
Tilt Stage Demo Version) L¥u muﬂauUﬁﬁ‘UuVIQIMLLuuwuﬂ FLYLATNNIUYAN SIL Lens 7
A at o 1 L2 L L5 e . . . H
o WuduialviddusavesusuususesusnludA(Automatic Tilt Stage Final Version)
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SUT 3,12 ; dadnSausulFuseiusalutiR(Automatic Tilt Stage Final Version)
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UNN 4
NANISNAZHIU

4.1 n1snagaau

i [ o wa . = ]
n1snadsuHuUTUsEaUaR ludR(Automatic Tilt Stage) gnesnuwuulviiualiy
LaNAN95ENINIsitLRuUsUsEAUanluRLaslulduiuususeAaudnlud® aren1svin IR
: @ a =] =l < o "
Inspection waz EOP/EOFM iUA19 uUNiA1ua1aldselasninaa1nnisvia IR Inspection

[

way EOP/EOFM e Air gap Lens 1Hudayadnads Famsyhaouiaadl

wa

M19797 4.1 : TunuMIYNABULNUUSUTEAUDRUTR(Automatic Tilt Stage)

Air Gap Lens SIL Lens

Tafled Tilt Stage o/l Tilt Stage 14 Tilt Stage
1 b
? ®
3 E

4.2 Han1inagauy

4.2.1 HANNITNAFBUNITHI EOFM A28 Air Gap Lens Taghildunuuiuszausnlusin

(Automatic Tilt Stage)

l

3U#1 4.1 : IR Image 971 Air Gap Lens Mgy 204x Ausnuiisianuaindes Tagldldusudiuseiu

dmlugif(Automatic Tilt Stage)
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P19 4.2 : Nan1sVAdUN1IY1 EOFM e Air Gap Lens Taglilgunuusussausaluif(Automatic Tilt

Stage)

HaN1IAaauIIN EOFM

Amplitude Image

Phase Image

Ql Image
(Amplitude + Phase)

Superlmpose Image

(Ql + IR Image)
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4.2.2 HANNISNAFDUNITNN EOFM @1 SIL Lens aglaildueiuususeauanludln

(Automatic Tilt Stage)

it

3Uf 4.2 IR Image 210 SIL Lens i

Qg 175x fumnuiiiauaindes leeldlduwdulsusyau

dnlulA(Automatic Tilt Stage)

[

A15197 4.3 : NaNTVABUNITY EOFM #78 SIL Lens Taalsildusiuuiuseausmlusif(Automatic Tilt

Stage)

WNaN1IAEdUIIN EOFM

Amplitude Image

Phase Image
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Ql Image
(Amplitude + Phase)

Superimpose Image

(Ql + IR Image)

Tl et AR M- NG TUNC UMM DR MESR R R TI

S i TG SR SR S - IO TRE PR FET S

U7 4.3 : IR Image 910 SIL Lens M@weny 175x Audrnuifianuaiades

TngldunuuSuseaudnlusiR(Automatic Tilt Stage)
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A3 4.4 : NAN1TVIAABUNITYIN EOFM A8 Air Gap Lens laglduruususeaudnlulif(Automatic Tilt

Stage)

Han1Inagauan EOFM

Amplitude Image

Phase Image

Ql Image
(Amplitude + Phase)

1 '.__ _J raves

(4

Superimpose Image

(Ql + IR Image)
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4.2.4 wan1snadaunlewalla EOP

on CLLICTITIRRET]

3Ufl 4.4  namnmnsvi EOP

B Fyuinlaain Component AMaauuAIURTn N8 e Air
Gap Lens

drysyiunlaain Component AMAIYUUUFIINUASTANA1IBY Mg SIL

-

Lens Toebildunuysuszaudnlusi(Automatic Tilt Stage)
" Fyorunlaain Component Afdwhatuuufnuiiinuaindes e SIL

Lens Tasldrudsussausnluif(Automatic Tilt Stage)

MU : FYyIMTENIg war I\ way I\ udyaadildann

component IviUNEULWARU
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4.3 WIBUWgUNANISNAGEDU

= a ° . - v
N1SLUSEUNEUNANTITNAADUIINNISN IR Inspectlon wag EOFM LW@‘LﬂLﬁuﬁ'ﬂqM

] 1 = Yo = o L 4
LLG]ﬂGI’I\‘]@H’NLWUIWﬁﬂQ\‘lﬂqﬂu{iﬂ‘lﬂ

[

1. wWiyugunaserInenauysutasndsusuniudeslsusyausnluila el

SIL Lens

4.3.1 N15UTHUMBUNASEWINNSITLRLUSUSZAUBNIUIIRA (Automatic Tilt Stage) wag

Y Y] ) a e . ) )
Taildueiuysuszau Wavi IR Inspection waz EOFM s2unU SIL Lens

M1519% 4.5 : maTuuigUNaTE NI ALY USEAUSALULR (Automatic Tilt Stage) waglalduru

USuseeu
NINAEaU neuUsu Tilt Stage nauu Tilt Stage
;
i
2
;
IR Image =
i
i
|
:
f
Amplitude
Image
Phase Image




Ql Image
(Amplitude +
Phase)

i
Superlmpose } :
Image E :
(Ql + IR Image) :
i
?
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A3UNaN13ANY

5.1 a@sunani1sinw

INNIINAADULNUUSUTZAU(TIlt Stage) A18N15%1 IR Inspection Wag EOP/EOFM
s A =l ﬂd I ﬂl o L2 A
UVUAUNLAIUAIALBB9A28LATEY Hamamatsu PHEMOS — 1000 wuintilotnsiieauiil

ANAALBENYIN EOP/EOFM fae SIL Lens wudnldanunsansianisyineauvesgunsalans

s

= o v % ol al & ' e e e el < o
Aadatla uagldinam IR Adauainan ldawnsauanuezgunsalansisiniiivuadnla

1 A o 1 at o at ar o v at a o ot 2 o
F]’EJL?JJE]U’ILLNUUiUiBG]ULI"IUTKJ?SG]U‘UWL“UU&}IMﬂ53W7551ﬁ’1']Q(ﬂ’N']UVILEJENﬂU“ﬂUTﬁNNﬁ‘UB\? SIL

I 1 ] o et - N 2 1 at L4
Lens wudnludiuwean1svin EOP @nunsansaadudygyiai Switching agmﬂi‘ummulm ey

s [

Tudauveaniavih EOFM syuuamisansandudygiamsianuangunsalansneiatladu

| = A a i d = w Vo o s < Y|
28R Iﬁﬁ!ﬂ spot wu‘uuqﬂkgﬂLLaﬁLLNUHq LLaﬁﬂﬂiﬂﬂqW"ﬂqﬂﬂqiwq IR ]nspectlon NAaUYIAL

'3 lﬂ! s o -:Id v n‘.}l 1 s s g al
AMNNEsANIsaLenueraUnsalansnadiathidnle AaduuiuyTuseau(Tilt Stage) fidau

o
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#78lun159i IR Inspection Wag EOP/EOFM #ae SIL Lens A8y
5.2 YplauDLUY

Tusaziszvvvesududiuseau(ilt Stage) (Tuszuulla (Open loop system)

o ' & o s ar & a1l € as
\esnnlidiigunsaldmIunisnsivaeundu(Feedback Devices) anviviu gunsalinszeenis

[ [

td 4 a o at 4 d L3 L o o 1 1 =l o s -
waswud, @nddrdanisiedeun [Wudu dululududeluvesunudesususeau(Tilt Stage)

Ao v oo s o 4 P v " o
asiigunsalinlddmiunisnsivaeundu(Feedback Devices) ttalsisguuvaaunuidsausu

5EAU(TIlt Stage) HiafigsnnuIndaTy

@ o

urludusERuTiL Stage) luaaurilsasfunsimusufugunsaivis oy
Socket Holder d1wSuisuiidasnisnagey daluauinndulnaduruy$usesu(Tilt Stage)
Sufudessesiunmsvihausmsugunsaififiuuialuajivu Digital Tester Board fidvunsuay
dviniunn fauluduseluveswsuudussduitt Stage) suludoseanwuulisesiunis

[ 1 . fala M 2/
vinusniugunsalidivuinivele
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Damrong Korbsrisawat, Nutthapon Jundee, PQC Bangkok, [NXP Internal Drive].
Y\O6_FA Library\03 Training Material\EOP\05. PAPERS

Siripron k., PQC Bangkok, [NXP Internal Drive]. Y:\06_FA Library\03 Training
Materia\PEM\PEM _training for L1 technicians 18-Oct-13

Siripron k., PQC Bangkok, [NXP Internal Drive]. Y\O6 _FA Library\03 Training
Material\OBIRCH

40



NIANUIN



weibolid doLs .
e e
PEORTS, ATME
L0
awoH @
ety
e A @1buy
3po oIny _||o.|_
X a1buy
- ZA
omy uny | _
= Hw.smm 321N0s
—||_‘ = . o__,_ ()
s EE 2p02 m_.._umun
] _ .wﬁo%,ﬁ_ o , NQ 1013
A®1buy InQ w _ O ' X O
YY1T'ES6 o1
Xisnlpy
X 216uy 1na
A 104 [euas




I -

=21 29, = o :
A -SE R CET

|| ‘H_“ 01 ezilg ¥
muuu@ ) Alolon ZXTIOIOW | TXTIOIOW | BWOHX E mwnu ki \
= - { ) f =
>.o_gm5st| ?Mm_%cmc.g N .
; _Hl —— ey
A P S :

ey, AP N ¢ L T

A

WWm\|_; WDdilsy]  +—faxihdass] 1 [ aaise

e R T nT""s|

_,AW._WE.
| =
(<]

ﬁm.mml_, X2 =
i x&[m Q&n A_u .u

P s Y] [

1

AUD d3L5¥]

NQ Joii3




Micrometer head

Mitutoyo

Microm. Head, Spindle Feed
0,25mm/rev

0-13mm, Clamp Nut, Spherical Spindle
Item number: 148-133

=T

Description

These micrometer heads are a standard, small-sized type with a 13mm measuring range.
They offer the following benefits:

* Carbide-tipped spindle

¢ The small micrometer head gives you a 15mm measuring range and a tungsten carbide

measuring surface.
Features
Range: 0-13mm
Spindle end: Spherical (SR4)
Stem @: 9.5 mm
Stem: w/ clamp nut
Fixtur e thickness for damp nut: 6 mm
Mass: 35g
Graduation: 0,01 mm
Spindle pitch: 0,25 mm
Measuring surfaces: Hardened steel (>60 HRC)
Digital/Analog: Analog
Accuracy: +2 um
Inch-Metric; Metric
Dimensions
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Stepper Motor

Product Datasheet

425H31-1AM

A25H33-2AM  4Z5H3I3-3AM

High Torque Hybrid Stepper Motor

A25HIT-4AM

1 Ramen Voutace v 4 [} 12 28
2 Cunpent/PHASE A 0,35 06 01 133
3 RESISTANCE[PHASE Q2 42 10 34,5 21

4 INDUCTANCE/Prase WM 2 95 B 42
& Houmke Toraue Nad 0,158 0,158 0,158 0,22
6 Romom Inesna GOl 35 35 35 k[
T WeoHr Ko | 0,22 022 022 022
8 NUMBER OF LEADS W | & & 6 4




Steppnr Motor Spociﬂcatlon

| Mo | RAoMVES | AeaB
| Bas | U100 MMET Prorsa B

' M uumm L Qo P A

Vi





